A 46-year-old woman was monitored by bispectral index monitoring (BIS) during redo aortic and mitral valve replacement. On release of the aortic cross clamp there was a sudden, severe, unexplained, and sustained fall in the BIS value. Postoperatively, a CT scan was consistent with multiple ischaemic lesions. The lesions were presumed to be due to air embolism. This case suggests that a sudden unexplained and persistent fall in BIS may indicate cerebral ischaemia. FIGURE 3: Postoperative cerebral tomodensitometry showing diffuse hypodensities in junctional territories, between anterior, middle, and posterior cerebral arteries.
Electroencephalogram (EEG) monitoring during cardiopulmonary bypass (CPB) may be useful for assessment of pharmacodynamic effects of drugs, measurement of adequacy of anaesthesia, and possibly prediction of awareness and detection of ischaemia.
The bispectral index (BIS, Aspect Medical, Newton, MA, U.S.A.) is a technique of computerprocessed EEG that enables the assessment of the adequacy of anaesthesia as well as the peroperative detection of awareness [1] [2] .
We report a case, after obtaining informed consent from the patient's family, which suggests that BIS is not only a monitor of the depth of anaesthesia, but that a decrease of the index may also be related to severe cerebral ischaemia.
CASE REPORT
A 46-year-old woman (weight 55 kg, height 165 cm) was operated on for a third replacement of her aortic and mitral valves. Her past history included rheumatic fever and rheumatic valvular disease. The first replacement of both valves was performed in 1989 and the second in 1995. Six months before this operation she complained of progressive dyspnoea. A trans-thoracic echocardiograph revealed a degeneration of the aortic biological prosthesis with grade 3 aortic regurgitation and a degeneration of the mitral biological prosthesis. The left ventricular function was normal (ejection fraction 60%) and there was no pulmonary hypertension (systolic PAP 36 mmHg). The carotid duplex scans were normal.
The patient was premedicated with oral alprazolam 0.5 mg one hour before surgery. In the operating room a right radial artery catheter and a right subclavian vein double-lumen catheter were placed for haemodynamic monitoring. Bispectral (BIS) monitoring was used to measure depth of anaesthesia. BIS electrodes were placed on the patient's forehead according to the manufacturer's instructions. BIS data were collected directly and downloaded to a PC. The BIS reading was 98 immediately before induction.
Anaesthesia was induced with intravenous propofol 100 mg and sufentanil 20 µg. Once the patient was asleep, atracurium 30 mg was administered. Intubation was performed 4 minutes later. Anaesthesia was maintained according to a BIS value between 25 to 45 with a continuous infusion of propofol and sufentanil. Antibiotic prophylaxis consisted of intravenous administration of cefamandole 1.5 g after induction, followed by a further 750 mg every 2 hours until the end of surgery. The patient received high-dose aprotinin infusion during the operation (2x106 KIU loading dose given over a 20-minute period after induction of anaesthesia followed by 500,000 KIU per hour until the end of surgery). Aprotinin 2x106 KIU was added to the oxygenator prime 3 .
After heparinization, the cardiopulmonary bypass (CPB) was commenced following cannulation of the right femoral artery and a single atrio-cava cannula with a mean flow of 2.4 l/min/m 2 . The activated clotting time (ACT) was greater than 450 seconds throughout CPB. No additional dose of heparin was needed. The patient was cooled to a body temperature of 33°C, and myocardial protection after crossclamping consisted of retrograde blood cardioplegia. Haematocrit was maintained above 22%. Mean arterial pressure was maintained between 50 and 70 mmHg without use of pharmacological agents. CPB flow was kept between 2 to 2.4 l/min/m 2 , P a O 2 was controlled during CPB by a monitoring system for CPB (Datamaster, Dideco). Surgical de-airing was performed by the surgeon prior to aortic cross clamp removal with a standard aortic root vent.
At the aortic cross-clamp release, the BIS value fell to 0, while there was no change in pupil diameter which remained in miosis. The body temperature at this time was 35°C, and the mean arterial pressure was 65 mmHg without any prior period of hypotension. The propofol syringe was checked to rule out an inadvertent propofol bolus. The BIS value remained between 0 and 20 and the mean burst suppression ratio (SR) was above 95% until the end of the operation ( Figure 1 ). The propofol infusion was then stopped for 20 minutes to check if the low BIS value reflected deep anaesthesia. However, there was no improvement in the BIS value.
Weaning from CPB was complicated by right ventricle dilation. The patient therefore received adrenaline 0.6 mg/h (0.18 µ/kg/min). After separation from CPB, heparin was neutralized with protamine sulphate in a 1:1 ratio. The total doses of propofol and sufentanil were 1650 mg and 80 µg respectively.
She was transferred to the intensive care unit without sedation for the postoperative period. Adrenaline was weaned two hours later. At this time the patient did not show any sign of awareness and the Glasgow coma score was 5 with decerebrate movements. A CT scan performed six hours postoperatively showed ischaemic lesions, but no cerebral oedema. Treatment with hyperbaric oxygen was not administered, because of the lack of availability of a hyperbaric chamber for at least ten hours. The patient was then managed as a patient with intracranial hypertension. Two days later, anisocoria appeared, a repeat CT scan showed diffuse cerebral oedema and several hypodensities in left anterior and right and left occipital cerebral territories (Figures 2-3 ). This eventually led to the patient's death.
DISCUSSION
This case report suggests that BIS could be useful in detecting the sudden onset of severe cerebral ischaemia. A persistently very low BIS, associated with burst-suppression of the raw EEG in the setting of minimal hypnotic drug administration, may indicate severe cerebral ischaemia.
The BIS monitor is the first approved device for measuring the hypnotic effects of anaesthetic agents and it has been validated for most of the common anaesthetic drugs 1 . BIS is a computer-processed EEG that enables assessment of the hypnotic component of depth of anaesthesia. It is reported on a scale from 0 (no EEG activity) to 100 (fully awake). Values under 60 are associated with unconsciousness. activity and by some medical devices [4] [5] . The SR is the per cent of time in the last minute the EEG signal is considered suppressed. It refers to burst of EEG activity alternating with isoelectric EEG, indicating very deep anaesthesia, hypothermia or ischaemia.
The applications of the BIS monitor during cardiac surgery include the assessment of awareness and indirect memory function as well as assessment the adequacy of anaesthesia. During CPB, if the central nervous system blood supply is impaired to a critical extent, then ischaemic changes on the EEG may be noticed. EEG can also be used to monitor the functional state of the brain during and after profound circulatory arrest 6 .
Massive cerebral arterial air embolism is a rare but devastating complication of cardiac surgery and CPB. Several treatment modalities have been proposed, but hyperbaric oxygen is the most specific therapy. This therapy must be administered as soon as possible after massive arterial air embolism to be effective 7 .
The EEG monitor has been used to detect some ischaemic cerebral episodes in high risk surgery such as carotid endarterectomy [8] [9] or coronary artery surgery using CPB 10 . Decrease of the BIS value after cerebral ischaemia is probably highly sensitive but lacks specificity because numerous known and unknown factors can induce BIS variations, especially during CPB 10 . However, the abrupt fall of the BIS value associated with a maximal burst suppression ratio 11 may suggest cerebral ischaemia if other causes cannot be excluded such as high doses of opioids 12 , hypothermia 13 , or other artefact or technical difficulties leading to false positives 14 . In our case, air embolism was the most likely cause, due to the young age of the patient, and absence of other risk factors. Moreover, because of the difficulty of the surgical access (third operation), the left ventricle may not have been completely de-aired. Nevertheless, there was no other clinical evidence of air embolism intraoperatively, and this provisional diagnosis was only made postoperatively.
This case demonstrates that a sudden unexplained fall in BIS during CPB may indicate cerebral ischaemia. This possibility should be considered in patients who are at risk of air embolism (e.g. open chamber heart surgery), and early intervention should be undertaken if necessary.
